The reaction of 4-hydroxy-4-methyl-2-pentanone (4H4M2P) with OH radicals was investigated in the gas-phase using an absolute rate method at room temperature and over the pressure range of 10 to 745 Torr in He and air as diluent gases. The rate coefficients were measured with the Pulsed Laser Photolysis method (PLP) to produce OH and the Laser Induced Fluorescence technique (LIF) to detect the fluorescence of OH radicals. An average value of (4.5 1.5)×10 -12 cm 3 molecule -1 s -1 was obtained. This study is the first absolute determination of the rate coefficient of 4H4M2P with OH at room temperature as a function of pressure and the nature of diluent gases. No pressure dependence of the rate coefficient was observed. The obtained results are compared with those of other hydroxyketones in terms of the structure reactivity relationship. The calculated tropospheric lifetime obtained in this work suggests that once emitted into the atmosphere, 4H4M2P may contribute to the photochemical pollution in a local or regional scale.
Introduction
Carbonyl compounds play an important role in atmospheric chemistry and in urban air pollution. They are directly emitted into the troposphere from biogenic and anthropogenic sources. The atmospheric photooxidation of these compounds lead to the formation of organic nitrates and oxygenated products [1] . Hydroxycarbonyls are formed in situ from the OH initiated reactions of alkanes, diols, and certain oxygenated VOCs [2] . In the atmosphere, carbonyl compounds are removed by photolysis due to the solar radiation and by reaction with the atmospheric photooxydants such as OH and NO 3 radicals, Cl atoms and O 3 . Among hydroxycarbonyls, 4-hydroxy-4-methyl-2-pentanone (4H4M2P) is used in industries as a solvent, additive or synthetic intermediate for many materials [3] . Statistical studies showed that about 225.000 workers are potentially exposed to 4H4M2P in the USA as stated by the National Occupational Exposure Survey [4] . It may cause adverse health effects following exposure via inhalations, ingestion, dermal or eye contact like chest discomfort, narcosis and irritation of the eyes, nose, throat and dryness of the skin [5] . Some physical properties of 4H4M2P can be found in Table 1 . Table 1 . Purity of the distilled sample and the physico-chemical properties of 4-Hydroxy-4-methyl-2-pentanone.
The atmospheric oxidation of 4H4M2P is mainly initiated by its reaction with OH radicals during daytime at a local or regional scale [1] . The degradation of this compound may contribute to the formation of other components such as peroxyacetyl nitrate (PAN), acetone, formaldehyde on the one hand [6] and it can be a significant source of HO x radicals which may influence the photochemical smog on the other hand [3] . The atmospheric degradation of 4H4M2P is not well known and requires further studies. In fact, only three kinetic studies on the gas phase reaction of 4H4M2P are found in the literature. In these studies, the degradation of 4H4M2P due to its reaction with OH has been investigated at room temperature and atmospheric pressure using a relative technique. Aschmann et al.,1995 [7] have studied the reaction of a series of oxygenated compound including 4H4M2P with OH with n-hexane as the reference compound. A rate coefficient value of (4.0 1.2)×10 -12 cm 3 molecule -1 s -1 has been obtained. In the study carried out by Baker et al., 2004 [8] , 4H4M2P has been identified as a product of the reaction of 2 methyl, 2,4 pentandiol with OH. The kinetic of this hydroxyketone with OH has been measured at room temperature and atmospheric pressure and a value lower than 4.2×10 -12 cm 3 molecule -1 s -1 has been obtained. In the study carried out by Magneron et al., 2003 [3] a rate coefficient value of (3.6 0.6)×10 -12 cm 3 molecule -1 s -1 has been determined at 298K and 760 Torr of air. In this study the initiated oxidation mechanisms and the main oxidation products of the studied reaction have been identified. These experiments showed that the reaction of 4H4M2P with OH proceeds essentially through an H abstraction from the -CH 2 -group. Besides the atmospheric degradation of 4H4M2P due to chemical reactions, this compound may be removed from the atmosphere by photolysis due to the solar radiation. This removal process has been studied by Magneron et al, 2003 [3] and a tropospheric lifetime lower than 1 day has been obtained. In the present work, the rate coefficient for the gas phase reaction of OH radical with 4H4M2P was measured for the first time using an absolute method. Studies have been carried out at room temperature as a function of the total pressure (10 -745 Torr) in helium or purified air using the Pulsed Laser Photolysis/Laser Induced Fluorescence (PLP-LIF) technique. Our kinetic study constitutes the first experimental determination of the rate coefficient for the reaction of OH with 4H4M2P as a function of the pressure and the diluent gases.
The aim of the present study is to assess the importance of the reaction of OH radicals as atmospheric loss process of 4H4M2P. The results are used to calculate the effective lifetime of 4H4M2P in the troposphere. The obtained data will be presented and compared to those reported in the literature and discussed in terms of pressure, diluent gases and structure effects.
Experimental section
The experimental set up used in this work is shown in Figure 1 . The absolute rate coefficients for the gas phase reaction of OH radical with 4H4M2P were measured under pseudo-first-order conditions. The used technique was Pulsed Laser Photolysis (PLP) to produce OH from H 2 O 2 and Laser Induced Fluorescence (LIF) to measure the OH temporal profile. Vapours of 4H4M2P and H 2 O 2 were introduced into the pyrex cell reaction (internal volume=320 cm 3 , length=65 cm) in conjunction with the buffer gas by bubbling a small flow of helium or purified air through glass tubes containing 4H4M2P and H 2 O 2 respectively and connected to pressure gauges (626B-MKS 10 to 1000 Torr). All flow rates were controlled using a series of calibrated mass flowmeters (MKS) ranging from 10 sccm to 5000 sccm. OH radicals were generated by the 266 nm photolysis of hydrogen peroxide (H 2 O 2 ) using the pulsed output of a Nd:Yag (continuum surelite) as follows:
The photolysis laser fluence was in the range of 5 to 19 mJ.cm -2 .pulse -1 giving an initial OH concentration [OH] 0 in the range of 4×10 11 to 14×10 11 molecule.cm -3 . The initial OH radical concentration was estimated according to the following relation:
where is the wavelength (266 nm), l F is the energy fluence of the photolysis laser (mJ.cm -2 ), is the absorption cross-section of H 2 O 2 at 265 nm ( = 4.2 10 -20 cm 2 molecule -1 assumed to be identical at 266 nm), = 2 is the quantum yield of the photodissociation of H 2 O 2 and [H 2 O 2 ] is the concentration of H 2 O 2 introduced into the reactor and calculated from its fractional flow and the pressure cell. The determination of the rate coefficient for the reaction of 4H4M2P with OH radicals requires the recording of OH fluorescence signal by using the LIF technique. For this purpose, the detection of the OH radicals was achieved by the LIF technique to excite the electronic transition A 2 + -X 2 (1,0) band of the OH at 282 nm using a frequency doubled dye laser (spectron SL4000G, using Rhodamine 590 in methanol) which was pumped by the frequency doubled output from a Nd:Yag (spectron SL803,170mJ) at 532 nm. The probe beam passed longitudinally through the cell to excite the OH radicals. The fluorescence was collected perpendicularly to the photolysis and probe beams by a photomultiplier tube (PMT) after passing through an interferential filter (309 nm peak transmission) mounted in front of the PMT. The signal from the photomultiplier tube was fed into a gated integrator and then directed to a microcomputer for data analysis. The delay time between the photolysis and probe beams at a given concentration of 4H4M2P was varied to obtain an OH temporal profile using a delay generator (BNC-575). The temporal profiles of the loss of OH, followed the pseudo-first-order rate law, such as:
where t is the delay time between the photolysis and the probe beams, k first refers to the first order rate coefficient and k to the rate coefficient for the reaction of 4H4M2P with OH radicals. Temporal profiles of the hydroxyl radical were measured for a series of 4H4M2P concentrations at each pressure. 
Where [total] is the total concentration of the gas mixture at the total pressure P, Q(total) the total flow in the reactor, Q car and P car are the carrier gas flow and partial pressure, respectively, passing through the bubbler containing 4H4M2P and V p (4H4M2P) the vapour pressure of 4H4M2P (1.25 Torr at 297 K reported in the Detherm database [9] ). P car is the difference between the measured pressure in the bubbler and the vapour pressure of 4H4M2P.
Results
The measurements were carried out at room temperature and over a wide range of pressure varying from 10 to 745 Torr with helium and purified air as bath gases. The temporal profile of OH is governed by its reaction with 4H4M2P (which is given by equation 2). These profiles were fitted using a single exponential function leading to the extraction of pseudo-firstorder rate coefficients k first . The pseudo-first-order rate coefficients increased linearly with the concentrations of added reactant and the rate coefficients k were then obtained by plotting k first vs. the 4H4M2P concentration as shown in Figure 3 . For each concentration, the error bar for k 1st reflects the statistical errors due to the fit of the corresponding experimental OH decay profile by the single exponential function. A summary of the experimental conditions used in this work as well as the rate coefficients k obtained as a function of the total pressure is presented in Table 2 . The reported uncertainties of the measured rate coefficients incorporate both statistical error and the systematic errors as discussed below. 
Discussion

Error analysis
The estimated error on the determined rate coefficient reported in this work is a combination of statistical and systematic errors. The overall error is estimated to be about 25 %: i) Statistical errors which result from a least-squares analysis of the pseudo-first-order rate coefficient vs 4H4M2P concentration plots, multiplied by the Student's t-factor appropriate for the 95% confidence interval and the number of degrees of freedom. This error is in the range of 2 to 5%. ii)
Systematic errors, which are mainly due to the difficulties in handling and measuring the concentrations of the studied compound with good accuracy due to its low vapour pressure and impurities. As shown in equation (4), a crucial parameter for an accurate determination of the 4H4M2P concentration is its vapour pressure at the temperature of the experiment. The vapour pressure is given by using the Antoine's equation reported in the Detherm database but no data are available concerning the uncertainty on the reported value. Therefore an uncertainty of 20% on the used vapour pressure value is estimated in this work. In addition, other sources of systematic errors in the kinetics measurements include the pressure measurement, the temperature instability, the gas flow measurements and the purity degree of the studied compound. The uncertainty due to these parameters is estimated to be about 5%. 
Comparison with previous studies
The room temperature rate coefficient for the reaction of 4H4M2P with OH radicals has been reported in three previous studies at atmospheric pressure in purified air using a relative technique. The mean value obtained in this work (4.5 1.5)×10 -12 cm 3 molecule -1 s -1 ) is found to be in good agreement with those of the literature. This is illustrated in Figure 4 which shows our measured rate coefficients as a function of pressure, including data from other authors [3, [7] [8] . For all three studies, the rate coefficient of the reaction of 4H4M2P with OH has been determined by using a relative technique in purified air where the consumption of 4H4M2P was followed by GC-FID. The values obtained by Aschmann et al., 1995 [7] and Baker et al., 2004 [8] (k= (4 1.2)×10 -12 and k < 4.2×10 -12 cm 3 molecule -1 s -1 respectively) are determined by using n-butane and 2-methyl-2,4 pentanediol as reference compounds respectively. In both studies, OH radicals were generated by the photolysis of methyl nitrite (CH 3 ONO) in air at wavelengths > 300 nm whereas 4H4M2P was formed from the oxidation of 1,3 butanediol and 2-methyl 2,4 pentanediol by OH radicals, respectively. In the study carried out by Magneron et al., 2003 [3] , OH radicals were generated by the photolysis of H 2 O 2 at 254 nm and 4H4M2P was directly introduced into the reactor. The rate coefficient of the reaction of 4H4M2P with OH was determined by using three different reference compounds (1,3-dioxolane; n-butyl formate; n-hexane) leading to an average value of k = (3.6 0.6)×10 -12 cm 3 molecule -1 s -1 .
In our work, a variation from 10 to 745 Torr total pressure and the bath gas nature at room temperature had no effect on the rate coefficients within the experimental errors, as shown in Table 2 and in Figure 4 . 
Mechanism
The OH reaction with 4H4M2P proceeds mainly by H-abstraction from -CH 2 -and -CH 3 groups through the following channels:
In their studies carried out in atmospheric simulation chambers, Magneron et al., 2003 found that the final products of the oxidation process were: acetone (80 10%), formaldehyde (21 3) % and CO in absence of NO 2 and acetone (94 14) %, formaldehyde and PAN (10 2) % in the presence of NO 2 . This indicates that primary products of the reaction of 4H4M2P with OH undergo secondary reactions with O 2 or NO/RO 2 . The molar yield of acetone, close to 100%, corresponds to the branching ratio of the H-atom abstraction from the CH 2 group of 4H4M2P showing that the reaction of OH with 4H4M2P proceeds mainly through channels 2a. In addition, the comparison of the rate coefficient obtained in this work for 4H4M2P with those of other hydroxyketones shows that our result confirms that the reactivity of these species with OH increases with chain length. In fact, our value is lower than the rate constants of 1,4 hydroxyketones C 5 -C 8 ((15-21)×10 -12 cm 3 molecule -1 s -1 ) [11] and higher than that of hydroxyacetone (3×10 -12 cm 3 molecule -1 s -1 ) [10] .
Atmospheric Implications
The rate coefficient obtained in the present study was used to provide the tropospheric lifetime of 4H4M2P with respect to its reaction with OH radicals. Assuming a 24h daytime average global tropospheric OH radical concentration of 1×10 6 molecule.cm -3 [12] , the tropospheric lifetime is calculated according to the following relationship:
where k is the rate coefficient determined in this work, [OH] is the average concentration of OH radical A value of about 2 days is obtained. In the atmosphere, another removal source of the present species is photooxydation due to sun light. The photolysis of 4H4M2P has been studied by Magneron et al., 2003 at EUPHORE [3] and a lifetime due to photolysis of 0.5 day was obtained. In Table 3 are shown the tropopheric lifetime of 4H4M2P due to its reaction with OH calculated in this work and its lifetime due to photolysis calculated by Magneron et al., 2003 . It has to be noted that no kinetic data concerning the reaction of 4H4M2P with the other main photo-oxidants NO 3 , O 3 and Cl could be found in literature. The short lifetime of 4H4M2P with respect to photolysis and the reaction with OH radicals shows that this compound may contribute to local and regional pollution. Although, reaction with OH is significant, the main degradation process of 4H4M2P results from solar photolysis. It is finally important to stress that the atmospheric degradation of this compound in the presence of NO x is a source of other toxic molecules with high atmospheric interest such as formaldehyde, PAN and acetone. 
Conclusion
In this paper, the first absolute rate coefficient for the reaction of 4H4M2P with OH was investigated. The study was carried out by using the PLP-LIF technique at room temperature and over a pressure range of 10 to 745 Torr. No dependence on the pressure and carrier gas was observed. The value obtained in this work is in good agreement with those of the literature. Our results were found in good agreement with estimations from structure reactivity relationship. The calculated tropospheric lifetime vs. OH obtained in this work suggests that once emitted into the atmosphere, 4H4M2P can de degraded quite rapidly and thus contribute to the photochemical pollution in a local and regional scale and can generate products that are more toxic than the precursors.
